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4. Dr. Weininger's comments about the Thomann

Report are set forth in Exhibit A hereto.

5. In March, 1981, Mr. Edward H. Brown, Jr. was an

employee of the U.S. Fish & Wildlife Service. He was employed

at the Great Lakes Fishery Laboratory in Ann Arbor, Michigan.

6. At this time Dr. Brown was generally familiar

with information and studies concerning the Lake Trout in Lake

Michigan.

7. In March, 1981, Mr. Brown authored a paper

entitled "A Background Discussion of the Lake Michigan Commit-

tee's Goal for Lake Trout Rehabilitation." This paper was

presented at the Great Lakes Fishery Commission, Lake Michigan

Committee Meeting in Milwaukee, Wisconsin.

8. Mr. Brown presented this paper in his capacity

as an employee of the U.S. Fish & Wildlife Service.

9. Larry Kamer has made no formal survey to deter-

mine the level of public interest regarding the presence of

PCB's in Waukegan Harbor or North Ditch, or on the property of

OMC.

10. Any testimony of Larry Kamer regarding any

alleged "restricted use and enjoyment" of Waukegan Harbor by

the public is not based on any scientifically designed and

executed survey or study.

11. Any testimony of Larry Kamer regarding any

alleged "restricted use and enjoyment" of Waukegan Harbor by

the public is not based on any study or survey of any statis-

tically representative sample of the public.
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12. Any testimony of Larry Kamer regarding any

alleged "restricted use and enjoyment" of Waukegan Harbor by

the public is not based on information obtained by using a

standard questionnaire or list of questions.

13. Any testimony of Larry Kamer regarding any

alleged "restricted use and enjoyment" of Waukegan Harbor by

the public is not based on any information or observations that

Mr. Kamer regularly, systematically and completely recorded.

14. Mr. Kamer has no records that identify the

persons with whom he had discussions regarding their "use and >

enjoyment" of Waukegan Harbor.

15. Mr. Kamer made no contemporaneous notes or

records regarding any of his observations relating to the "use

and enjoyment" of Waukegan Harbor by the public.

16. Mr. Kamer has no contemporaneous notes or records

regarding any of his observations relating to the "use and

enjoyment" of Waukegan Harbor by the public.

17. Mr. Kamer has no contemporaneous notes or records
^

regarding any conversations or discussions with people who reg-nlarly

use or have used Waukegan Harbcr concerning their use and enjoyment

of the Harbor.

. , .
Fred H. Bartlit, Jr.
James H. Schink
Bruce A. Featherstone
KIRKLAND & ELLIS
200 East Randolph Drive
Chicago, Illinois 60601
(312) 861-3260

Attorneys for MONSANTO COMPANY

DATED: January £2., 1983
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

SUBJECT: Additional Review of Hydro Qual DATE: 2/26/81
Report

FROM: John F. Paul, Ph.D. >̂s. ,
Large Lakes Research Station •<\$(

TO: Edward DiDomenico
Enforcement Division, Region V

Find enclosed one additional review of the Hydro Qual report. This

was done by Dave Weininger at the Duluth laboratory.

Encl,

. • i•t •.' v ' .r

•s'
EXHIBIT A
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The following 1s a section by section review of "Mathematical Modeling
Estimate of Environmental Exposure due to PCB-Contaminated Harbor Sediments of
Waukegan Harbor and North Ditch" by R. V. Thomann. et al. of HydroQual, Inc. This
review 1s based on a draft dated February 1981.

Hy first comment 1s that the title could be shortened and made more explicit
e.g.. "Mathematical Modeling of PCBs In Waukegan Harbor and OMC North Ditch
Sediments". At least the first occurrence of the word "Harbor" should be removed
1n the present title.

The Introduction (Section 1) 1s Informative, short, and adequate. The first
figure, "Location of study area" could be removed without detriment.

The conclusions (Section 2) succinctly summarize those drawn 1n the text. A
review of conclusions 1s Included with the review of each section below. Two
points will be discussed here, however. Conclusion la 1s out of place 1n this
section and more properly belongs 1n a methodology discussion. Conclusions 6a, b,
7a, b, and c are weakened by a failure to account for the PCBs known to be on OMC
property ("under the parking lot") and past dredging of the harbor (some spoils
deposited on shore and some offshore).

The recommendations (Section 3) follow pretty much logically from the report,
from a modeler's point of view. Recommendations 1, 2. and 3 all propose modeling
efforts with a view to refining our historical perspective, the Importance of
which Is not clear. From the perspective given In this report, the answer to 14
must be "a long, long, time." If this 1s not the case, no clue 1s given in the
text. Recommendation 5 is clear and should be supported widely.

Section 4, an estimate of the mass of PCBs 1n the Harbor and Ditch, is very
deficient in its technical description. Assuming the sediment PCB data was
divided into geographic regions (segments) and analyzed individually, it Is
Important to show the results of these calculations. The credibility of these
very important estimations 1s very low since the most elementary statistics
(such as the total number of data and the number of data per segment ) are not
given. Inclusion of a table which summarizes the segment and depth PCB distributional
statistics along with an explanation of how the "best", "high", and "low"
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estimates were combined to form the final estimates would add a lot to the
credibility of this section.

While it is not possible to verify the results of Section A from the
Information presented, it is possible to get an estimate of the accuracy which
can be expected. To this end, the data on the figure labeled "Surface sediment
total PC6 concentrations" was graphically obtained and submitted to a simple
linear regression (see attached). Greater than 70 percent of the total variance
of log [PCB] was explained by "distance from harbor mouth". An even better
relationship might be expected if "distance from Slip 13 discharge" was used.

If 95 percent of the PCB in Waukegan Harbor is in Slip *3, then it is
reasonable to assume that the uncertainty of a total harbor PCB estimate will
be close to the uncertainty in the estimate of the [PCB] in Slip 13. The
calculation of the regression statistics is attached. If we take Slip 13 to be
at 1550 m from the harbor mouth, we expect the average PCB concentration to be
1506 ppm. One standard error on this prediction either way gives high and low
estimates (analogous to the report) of 2036 ppm (+36%) and 1115 ppm ("26-).
Unless the deeper sediments are more concentrated or more variable than the
surficial sediments worked here, this should be the approximate confidence level
of the final result.

The results in the report show more uncertainty than the above (+66% and '635).
The most likely cause of this is that small values for N had to be used due to
the segmented approach. Similar standard errors (+65%, -40%) were found when
simulating the Slip 13 concentration calculation using only the 12 values with
distances >1500 m. All information can be used for the mean concentration calculation
even if the integration procedure is segmented for convenience. Another possible
error may have occurred when combining PCB masses in the segments to calculate
the total sum. Although "high estimates" and "low estimates" sound like additive
things, they are based on standard errors and are not additive. Failure to
account for this by converting to combined variance would expand the uncertainty
band considerably.

One final note on Section A is that the second handwritten equation must be •
incorrect. The right side of the equation is missing an exponentation, I think,
and unless I'm missing the mark entirely, the left side should be o, not 5yr
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Section 5. which briefly describes data collection efforts, seems adequate
for the purposes of this report.

•

Water Quality Data Analysis, Section 6, Is very figure-heavy (15pp) ard
analysis/ discussion shy (only 3 1/4 pp). The discussion of the Harbor water
quality data, which is basically descriptive, would be enhanced by removal of
Figures 17 (appears earlier), 19, 20, and 21; inclusion of a table summarizing
the suspended solids data; combination of Figures 22 and 23; and clarification of
Figure 24. The data seem very good. A good point was made with Figure 24. The
work on the Ditch was quite well done, particularly tracing the rainfall event.
The quoted loadings seem both reasonable and defensible although based on a
minimum adequate data set.

Only an overview, and not a critical review, will be attempted for Sections
7, 8, and 9, since the physical modeling of water 1s not my expertise. There were
several points, probably minor, which I found disturbing. The first is that
horizontal exchange was reported in flow units (m3/da) rather than "eddy diffusivity"
units (m*/da); this seems awkward for a system which Is almost entirely dispersive.
Due to this unconventional parameterization, the horizontal exchange figure is
difficult to fathom. An explanation of where the other length dimension fits 1n
would be appropriate. The second point 1s that Cl" gradients (Fig. 28) are apparently
thought to be due to significant steady-state exchange with the lake via the
harbor mouth. Were mixing coefficients estimated from estimated flux, visa-versa,
or neither? This is not entirely clear. Another, perhaps obvious, point is that
the sharp May decrease in Cl" seems to argue against the steady-state assumption.
The explanation given is that a "flush-out" occurred between steady-state periods;
other possible explanations are not given entirely adequate acknowledgement.

The seemingly low PCB loss from the harbor to the lake Is not only probably
correct, but quite defensible. Even using all high estimates in a conventional
dispersive model:

[PCB] gradient at h. mouth « 0.1 ng/l/100m - .1 x 10"6kg/m3100m.
horizontal eddy diffusivity • 10,000 cm2/sec.
harbor mouth cross-section * 100m x 10m « 1000 m2,

the calculated flux under these assumptions is 31.5 kg/yr. It's easy to believe that
scaling down to realistic values produces a value < 10 kg/yr.
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The analysis of bloaccumulatlon of PCBs by small fish In Waukegan Harbor
(Section 10) 1s rather cursory, presumably due to the small amount of data available.
The bioaccumulation factor approach used seems to be adequate for a rough approxi-
mation of the process. The conversion from bloaccumulatlon to total fish PCB
concentration was apparently done by a simple arithmetic application of a fish
water content of approximately 85 percent. This could be explained 1n the Interest
of clarity.

The conclusions of Section 10 appear justifiable. Some of the terminology used
1s unnecessarily Imprecise; the estimated 5-100 ppm "PCS body burden" 1s actually
a "whole fish PCB concentration" (body burden usually means the total masses of a
substance in a fish). It should be noted that the estimated fish PCB levels are on
a whole fish basis whereas the PDA action levels to which they are compared are
based on the edible portion only. This consideration does not substantially affect
the conclusions drawn.

If PCB data were available for fish forage organisms. It might be possible to
considerably strengthen the PCB bioaccumulation model. Since most of the fish PCB
load 1s thought to accumulate via the ingestive pathway, it would be appropriate to
estimate fish PCB levels based on the levels 1n their prey by using gross assimila-
tion efficiency considerations. The approach used is appropriate 1n the absence of
such data.

•

An effort was obviously made to clearly explain the logic behind the calcula-
tions of PCB losses and fluxes to Lake Michigan 1n Section 11. As a result, the
conclusions drawn are straightforward and appear to be justifiable in the context
that they are presented.

There are two factors which seem to have been either overlooked or omitted
1n this section. The first Is that there are known to be substantial deposits (and
therefore losses) of PCB on OKC property which are not 1n the harbor or the ditch.
The second 1s that substantial amounts of presumably high PCB sediment have been
removed by dredging from the outer and middle harbor, some of which was disposed
of on land and some in Lake Michigan. Although there 1s a poor data base from which
to estimate these deposits, an effort should be made to integrate such estimates
Into the considerations presented. Both, factors will affect (upward) the per-



centage of PCB usage accounted for. Accounting for the dredge spoil deposition would
Increase the estimates for "PCB discharge to Harbor" and "Total PCB discharge'to '"
Lake Michigan". It should be emphasized that omitting these considerations does
not seriously affect the validity of the conclusions as long as they are viewed in
the context of their obvious limitations.

Section 12, which assesses the significance of the Harbor and Ditch discharges,
comes to the conclusion that although 50-90 percent of the total PCB load to
Lake Michigan in the past was due to flux through the Harbor/Ditch system, this figure
1s now less than 1-2 percent. The arguments behind this conclusion seem logically
derived from the rest of the report. Estimates of total PCB loading to Lake Michigan
are near the widely accepted values. The 1-2 percent estimate of current PCB
contributions is somewhat misleading since the Vlaukegan PCB load 1s essentially
being compared with the atmospheric load over the whole of Lake Michigan. Considering
the Lake's hydrology, it would seem much more reasonable to limit such comparisons
to the loading of Lake Michigan's southern basin only. The effect of this would
be to increase the current percentage load estimate; in any case, the estimate
would be small (<5S).

»

The final section (13)_discusses the significance of harbor dredging. Two
conclusions about PCB flux are drawn; dredging the Harbor to levels of 10-100 ppm
would probably eliminate the flux of PCB from the Harbor to the lake and dredging
to lower levels would not be effective for further reductions of loading. Assuming
the mathematical model was correctly applied, these conclusions are warranted.

In my opinion, the final conclusion regarding decreases in resultant fish s.
concentrations is far less justifiable. The predicted fish concentrations of course
parallel the predicted decreases in water PCB concentration; the bioaccumulation
model used 1s simply a ratio of these two levels. Because this ratio seems to work
with existing conditions does not mean that the ratio provides an adequate predictive
model. It was mentioned 1n Section 10 that 75 percent of the fish PCB level was
attributed to Ingestive (food-chain) uptake and 25 percent to direct uptake from water.
Aside from the likelihood that dissolved PCBs are more available than particulate
PCBs, It might be reasonable to expect one quarter of the current fish levels will
follow the expected decrease 1n water PCB concentration downward. Does this mean
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that the Ingestlve PCB uptake should follow proportionally? A simple bioaccurmjla-
tion model obviously Indicates that 1t would. But look at the result: fish are
predicted to have a level of near 5 ppm wet (ca..30 ppm dry) when the sediment
level 1s 100 ppm. Since benthlc Invertebrates and Insects comprise a significant
portion of the diet of a small fish and most of the fish PCB load Is Ingested, .
this doesn't leave a lot of room for food chain blomagnlflcatlon. The predicted
system appears unrealistic, Indicating that In this case the simple bioaccumulatlon
model may have been pushed too far. It might be argued that all system components
levels should rise and fall proportionally—except that there 1s no reason to
assume that b1omagn1f1cation Is an equilibrium process; and much evidence to the
contrary.

In summary, the authors seem to have done a good job of bringing together
a large amount of data and drawing a number of relevant and defensible conclusions.
Ky main objection to the report 1s that 1t 1s sorely lacking 1n technical explanation.
Much of this lack can be justified on the basis of a desire for simplicity, but 1n
my opinion, critical pieces of Information were too often left out. If technical
credibility 1s of primary Importance, I would recommend that the text of this report
be reworked with the goal of providing clearer explanations.
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UNITED STATES DISTRICT COURT
NORTHERN DISTRICT OF ILLINOIS

EASTERN DIVISION

UNITED STATES OF AMERICA, )

Plaintiff, )

v. ) No. 78 C 1004

OUTBOARD MARINE CORPORATION, )

Defendant, Third-Party )
Plaintiff, and Cross- )
Claim Defendant, )

and ) Judge Susan Getzendanner

MONSANTO COMPANY, )

Third-Party Defendant )
and Cross-Claim )
Plaintiff. j

NOTICE OF FILING

TO: See Attached List.

PLEASE TAKE NOTICE that on Friday, February 4, 1983,

the undersigned filed with the Clerk of this Court,

PLAINTIFF'S RESPONSE TO THIRD PARTY DEFENDANT
MONSANTO COMPANY'S FOURTH SET OF REQUESTS FOR
ADMISSION TO PLAINTIFF UNITED STATES

service of which is being made upon you.

DAN K. WEBB
United States Attorney

, BY:
JAMES T. HYNES
Assistant United States Attorney
Attorney for the United States
219 South Dearborn Street
Chicago, Illinois 60604
(312)353-1996

JTH:ejd
02/04/83



AFFIDAVIT CF MAILING

STATE OF ILLINOIS )
) SS

COUNTY OF C 0 0 K )

____Elaine J. Davis__________, being first duly sworn on oath

deposes and says that WS/she is employed in the Office of the United States

Attorney for the Northern District of Illinois; that on the 4th day of

FEBRUARY , 1983, Wshe placed a copy of the NOTICE OF FILING,

and PLAINTIFF'S RESPONSE TO THIRD PARTY DEFENDANT
MONSANTO COMPANY'S FOURTH SET OR REQUESTS FOR
ADMISSION TO PLAINTIFF UNITED STATES

in a Government franked envelope addressed to each of the following naned

individuals, and caused each envelope to be deposited in the United States

mail chute located in the Everett McKinley Dirksen Building, Chicago,

Illinois, on said date at the hour of about 5:00 jp.m.

SEE ATTACHED LIST.

Q} 0 T\
CpCpol̂  |V I—Wx-
SUBSCRIBED and SWORN TO before me this

day of , 1983.

1 N O T A R Y PUBLIC

My Conaission Expires: ____________
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Roseann Oliver, Esquire
Richard Phelan, Esquire
PHELAN, POPE & JOHN, LTD.
180 North Wacker Drive
Chicago, Illinois 60606

James H. Schink, Esquire
Bruce A. Featherstone, Esquire
KIRKLAND & ELLIS
200 East Randolph Street
Chicago, Illinois 60601

Richard J. Kissel, Esquire
MARTIN, CRAIG, CHESTER
& SONNENSCHEIN
115 South LaSalle Street
Chicago, Illinois 60603

John Van Vranken
Assistant Attorney General
ENVIRONMENTAL CONTROL DIVISION
188 West Randolph, Suite 2315
Chicago, Illinois 60601

Sebastian T. Patti, Esquire
Jerrold Frunun, Esquire
Water Enforcement Division
U.S. ENVIRONMENTAL -PROTECTION AGENCY
230 South Dearborn Street
Chicago, Illinois 60604

Elizabeth Stein, Esquire
Pollution Control Section
LAND & NATURAL RESOURCES DIVISION
Department of Justice
Washington, D.C. 20530



UNITED STATES DISTRICT COURT
NORTHERN DISTRICT OF ILLINOIS

EASTERN DIVISION

UNITED STATES OF AMERICA,

Plaintiff,

v.

OUTBOARD MARINE CORPORATION,

NO. 78 C 1004

Defendant, Third-Party
Plaintiff, and Cross-
Claim Defendant,

and

MONSANTO COMPANY,

Third-Party Defendant
and Cross-Claim
Plaintiff.

Judge Susan Getzendanner

PLAINTIFF'S RESPONSE TO THIRD PARTY DEFENDANT
MONSANTO COMPANY'S FOURTH SET OF REQUESTS
FOR ADMISSION TO PLAINTIFF UNITED STATES

In accordance with Rule 36 of the Federal Rules of Civil

Procedure, plaintiff United States hereby responds to third

party defendant Monsanto Company's Requests to Admit as

follows:

REQUEST NO. 1

Dr. David Weininger is employed by USEPA.

RESPONSE:

Request No. 1 is admitted.
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REQUEST NO. 2;

At the request of USEPA, Dr. Weininger reviewed the

Thomann Report for scientific validity and commented about

it.

RESPONSE;

Request No. 2 is admitted.

REQUEST NO. 3:

Dr. Weininger reviewed the Thomann Report and made

comments about it in his capacity as an EPA employee.

RESPONSE:

Request No. 3 is admitted.

REQUEST NO. 4:

Dr. Weininger's comments about the Thomann Report are

set forth in Exhibit A hereto.

RESPONSE:

Request No. 4 is admitted.

REQUEST NO. 5:

In March, 1981, Mr. Edward H. Brown, Jr. was an employee

of the U.S. Fish & Wildlife Service. He was employed at the

Great Lakes Fishery Laboratory in Ann Arbor, Michigan.

RESPONSE^

Request No. 5 is admitted.
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REQUEST NO. 6:

At this time Dr. Brown was generally familiar with

information and studies concerning the Lake Trout in Lake

Michigan.

RESPONSE;

Request No. 6 is admitted.

REQUEST NO. 7;

In March, 1981, Mr. Brown authored a paper entitled "A

Background Discussion of the Lake Michigan Committee's Goal

for Lake Trout Rehabilitation." This paper was presented at

the Great Lakes Fishery Commission, Lake Michigan Committee

Meeting in Milwaukee, Wisconsin.

RESPONSE;

Request No. 7 is admitted.

REQUEST NO. 8:

Mr. Brown presented this paper in his capacity as an

employee of the U.S. Fish & Wildlife Service.

RESPONSE;

Request No. 8 is admitted.

REQUEST NO. 9;

Larry Kamer has made no formal survey to determine the

level of public interest regarding the presence of- PCB's in

Waukegan Harbor or North Ditch, or on the property of OMC.

RESPONSE;

Request No. 9 is admitted.
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REQUEST NO. 10;

Any testimony of Larry Kamer regarding any alleged

"restricted use and enjoyment" of Waukegan Harbor by the

public is not based on any scientifically designed and

executed survey or study.

RESPONSE:

Request No. 10 is admitted.

REQUEST NO. 11:

Any testimony of Larry Kamer regarding any alleged

"restricted use and enjoyment" of Waukegan Harbor by the

public is not based on any study or survey of any statisti-

cally representative sample of the public.

RESPONSE;

Request No. 11 is admitted.

REQUEST NO. 12;

Any testimony of Larry Kamer regarding any alleged

"restricted use and enjoyment" of Waukegan Harbor by the

public is not based on information obtained by using a

standard questionnaire or list of questions.

RESPONSE:

Request No. 12 is admitted.

REQUEST NO. 13;

Any testimony of Larry Kamer regarding any alleged

"restricted use and enjoyment" of Waukegan Harbor by the
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public is not based on any information or observations that

Mr. Kamer regularly, systematically and completely recorded.

RESPONSE:

Request No. 13 is admitted.

REQUEST NO. 14:

Mr. Kamer has no records that identify the persons with

whom he had discussions regarding their "use and enjoyment" of

Waukegan Harbor.

RESPONSE;

Request No. 14 is admitted.

REQUEST NO. 15:

Mr. Kamer made no contemporaneous notes or records regarding

any of his observations relating to the "use and enjoyment" of

Waukegan Harbor by the public.

RESPONSE;

Request NO. 15 is admitted.

REQUEST NO. 16;

Mr. Kamer made no contemporaneous notes or records regard-

ing any of his observations relating to the "use and enjoyment"

of Waukegan Harbor by the public.

RESPONSE;

Request No. 16 is admitted.
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REQUEST NO. 17;

Mr. Kamer has no contemporaneous notes or .records regard-

ing any conversations or discussions with people who regularly

use or have used Waukegan Harbor concerning their use and

enjoyment of the Harbor.

RESPONSE:

Request No. 17 is admitted.

DAN K. WEBB
United States Attorney

BY:

Dated: February 4, 1983

JTH:ejd

JAMES T. HYNES
Assistant United States Attorney
Attorney for the United States
219 South Dearborn Street
Chicago, Illinois 60604
(312) 353-1996
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GLFC
Lake Michigan Committee Meeting
March 12, 1981
Agenda Item 9.a

A Background Discussion of the Lake Michigan
Committee's Goal for Lake Trout Rehabilitation

Report for the Lake Michigan Lake Trout Technical Committee1

-Edward H. Brown, Jr., Chairman
U.S. Fish and Wildlife Service
Great Lakes Fishery Laboratory

Ann Arbor, Michigan

This report is presented in response to charges given the Lake Trout
Technical committee at the 1S80 Annual Meeting of the Lake Michigan Committee:
(1) to establish the magnitude of current lake trout withdrawal from Lak2
Kichic-aji by all user groups; and ;2) to prepare s. discussion pc-p^r for ths 1931
meeting on the Lake Committee's goal for lake trout rehabilitation. The report
reviews and synthesizes pertinent background information on lake trout which
the technical group car. use as it completes steps for inple-enting the Laks
Committee's goal. At this stage, however, the contents of the paper are still
subject to overall review and do not necessarily represent a consensus of the
Technical Committee members or their agencies.

Introduction

As a basic for this discussion, ths Lake Michigan Committee's general goal
for lake trout rehabilitation is defined tentatively as follows: to
reestablish and ir«intain the most stable and productive self-reproducing lake
trout population^) possible v;ithin limits of (1) Laka Michigan's altered
carrying capacity for the species, (2) funds available for interim hatchery
production and experimental mnagenent, and (3) existing jurisdictions 1 and
legal constraints. Such realities cs widespread sport fisheries, Indian Treaty
fishing, and insignificant natural reproduction by planted fish have led a few
to quastion whether such a goal is practical or ever, desirable in the face of
heavy user demand. Vhe Great Lakes Fishery Comnisnion, nevertheless, strongly
endorses "self-sustaining stocks" as a major objective of the rehabilitation
progran, although it ha.- acknowledged the importance of fisheries for planted

Presented at: Great Lakes Fishery Commission
Lake Michigan Committee Mooting

' Hilvrmkce, V.'isconsin
March 11, 1901



lake trout and the temporary necessity of selecting planting nites to
facilitate harvest in some areas for social and economic reasons (Great Lakes
Fishery Commission, policy statement adopted June 14, 1976). The degree to
which this expedient option of put-and-take fishing continues to be
implemented, however, is as important a consideration as lake trout biology in
projecting the attainable size, biological characteristics, and dynamics of
rehabilitated stocks.

The Native Trout: A Lake Michigan Benchmark

The size and productivity of populations of native lake trout in the
pre-lamprey era, as judged mainly from commercial fishing records, arc a
logical point of departure for projecting the maximum size and potential yields
of self-sustaining populations.

Average annual commercial production of the native trout declined
progressively from 3,700 metric tons (t) (8.2 million lbs«) in 1890-1911 to
2,600 t (5.7 million Ibs.) in 1927-44, shortly before the trout wore driven to
extinction by the saa lamprey (Baldwin et al. 1979). Smith (1968) concluded
that the decline in lake trout production early in this century resulted from
restabilization that normally occurs when a fishery is imposed on a virgin
population, and that the stocks were not over-exploited. But he also concluded
that a sharp increase in fishing intensity and production in Illinois waters in
1940-44 may have been sufficient to weaken the stocks if they-were already
being fished near the point of maximum sustained yield in other jurisdictions.
Van Oc.sten (1949) and Wells and McLain ("973) drew the opposite conclusion in
concurring that the gradual decrease in lake trout production d iring 1893-1938
was due to excessive exploitation. Their opinions that overfishing occurred
over the years in some areas are supported by a. recent review of information on
the early fisheries (Drown'et al., In press) which suggested that some stocks
were depleted before the 1930s. Hile et al. (1951) offered no explanation for
the long term drop in productivity, but concluded that lake trout were not
overfished, at least in State of Michigan waters, during the final period of
steady yields and apparent population stability (i.e., abundance) from 1929 to
1943.

If, as Smith (1968) proposed, the native trout were fished near the point
of maximum sustained yield in 1927-1944, the average annual commercial catch
(c) and the exploitation rate (u) would provide a rough estimate of the
standing stock (I) that must have been present to sustain the maximum-yield
fishery (s = C/u). Although the rate of exploitation was never determined
during the early fishery, Silliman (1969) has since obtained a "fairly good"
simulation fit by analog computer to the reported yields in State of Michigan
Waters (Hile et al. 1951), using instantaneous fishing (F) and natural (M)
mortality rates of 0.50 (average) and 0.20, respectively. The average 1927-44
yield of 2,600 t divided by a u of 0.36, computed with Silliman's provisional
mortality rates, gives a fishable stock for that period of 7,200 t (15.9
million Ibs.). Cn the basis of Lake Michigan's total surface area of 5.73
million hectares (14.3 million acres), the 1927-44 average estimated standing
stock and reported yield amount to 2.73 £ad 0.45 kg/ha, respectively. The
actual yield per hectare is close to the upper limit of 0.5 deduced by Healoy
(1973) for stocks under sustained-yield fishing in Canada and the U.S.



Moreover, the sum of Silliman's instantaneous rates (Z = 0.70) is almost
equivalent to an annual mortality rate (A) of 0.50 proposed by Healcy (1978) as
the highest mortality rate that stable lake trout populations can withstand.

The average production of 1927-44 (2,600 t) is therefore the most
realistic upper limit available of what future stocks can be expected to
sustain, before allowance is made for the altered ecological conditions of the
lake today and the possible lack of essential adaptive characteristics in
present strains of lake trout (Brown et al., In press).

Carrying Capacity of Lake Michigan for Lake Trout

Lake Michigan's carrying capacity for lake trout has been modified since
1927-44 by at least three ecological changes: (1) the shift in the primary
forage sp'_-cien from ciscoes to alewives, (2) the development of sizable
hatchery--^intained or partly-maintained populations of Pacific salmon and
other species of trout, and (3) the persistence of residual populations of sea
lampreys that now exert a small but additional mortality on the trout (Wells
1930). Full realization of the modified carrying capacity will eventually be
determined by whether successfully reestablished trout can adapt to the lake's
different physiographic areas as well as their native predecessors did.i
Changes in the Forage Base

Since rauch uncertainty (due to limitations in sampling technology)
persists about the size of the present forage base and less is known about the
size and dynamics of earlier forage stocks, it is impossible to accurately
estimate cnanges in the amounts of .forage available to lake trouc and other
salmonids since 1927-44. One can only speculate about possible differences on
the basis of limited existing data and assumptions substituted for essential
statistics (e.g., mortality^ rates and/or exploitation rates for different ages
or life stages of the species in each period). •

Smith (1968) proposed that the deepwater and shallow-water complex of
ciscoes (i.e., several species of "chubs" and the lake hex-ring), on which the
native lake trout foraged, used the invertebrate food of the lake more
"efficiently" than the alewife which largely replaced the ciscoes by the 1970s.
This idea is compatible with observations on a number of small lakes and

" reservoirs by Carlandsr (1955) shewing that the standing crop of a body of
water increases roughly (i.e., variation about regression was high) as the
number of species of fish increases. The idea espoused by Gmith of a more
productive forage base before the sea lamprfcy invasion of Lake Michigan is also
reasonable in regard to c . srgy conversion into food directly consurr.ible by
humans (i.e., ciscoes and herring), and it may well hold in regard to a more
stable supply of forage for the once abundant and now extinct deepwater form(s)
of lake trout (Brown et al., In press). On the other hand, the alev/ife is
lower on the food chain than coregonincs and may now pi-ovide more forage in
both the bcnthic and ni.dwater strata of the shallow area around the
circumference of the lake, as well as in the deeper areas in the winter. Shin
foracie iz the trainstay of comparatively more pelagic salmon and steelhcads, as
well as for Lr'ovn trout and for storked lake trout, which occupy depthc of
vater somewhat sr.nilnr to those of the native ret:f or shallow-water forta(s) of
the past.



Since 1977, Lake Michigan's forage b.ioc has actually been reverting to
proportionately rr.ore core<jonines, as indicated by steady and marke«l improvement
in the production (i.e., year class strength) of young blotters,' but this
change has not been detected yet in the food habits of s.ilnonids. Tho • severely
depleted blca t'jr scocku v/ere protected by a lakcwidc ban on commercial fishing
for several years in the late 1970s and are still protected in State of
Michigan waters where th-jir improvement has been the rr.ost substantial. The
ultimate extent of the bloater increase and how much it will affect alewives
and thonce calnonids is not known.

The estimated bcnthic biomass of alewives (> ago I), unadjusted to include
those in mid-..-atar and those that evade bottom trawls, varied between 44.9 And
114.4 L-.etric tons (109 to 252 million Ibs.) during fall 1973-1930 (Fig. 1),
after recovering fron the heavy lakewide die-off in early 1967. The magnitude
(> 2x) of those annual biomass changes suggests that size of the alewife
populations) is still being controlled to a considerable degree by factors
other than pro-nation. The weakest year class of 1969-74, gauged by its
contribution to the adult stock, was produced in 1972, the year with the Ic-voat
mean summer and fall water temperatures in east-central Lake Michigan (GLFL
unpublished data). The survival, especially of young alewives, may also have
been lowered by lovj-tamperature stress during severe winters, beginning with
that of 1976-77, when the entire lake froze over for a short period in January.
This reduction in abundance of alewives may also have reduced some of the
competitive pressure on bloaters and thereby contributed indirectly with the
ban on fishing to the recent upsurge in bloater abundance.

Estimation of the entire standing stock of alewives in the lake and their
biological production is the most difficult problem in determining if and when
the available forage has begun to limit further increases in the populations of
lake trout and other saltr.onids. To achieve this feat, the benthic biomass must
be augmented by at least two levels of expansion; first to include the biomass
of partially recruited younger age groups, and then the pelagic fraction of the
population and the part of the benthic population that evades or escapes the
trawl. A general idea of the differences in size between the benthic
(unadjusted) and total alowife biomasses and the production of each is given by
an exploratory expansion of the average fall 1978-79 benthic estimates, using a
number of partly subjective factors and statistics (Table 1). The provisional
total bior.ass of ags I-VIII fish so obtained was 5.2 times greater than the
benthic estimate, and production for those age groups was 5.9 times greater.

Because of species-specific and life-stag** specific differences in
distribution of the prey and predators, all of the alewife production in a
given period is, of course, never available to any one predator species.
During the period of thermal stratification, adult lake trout occupy a limited
thermal zone near the lake bottom, and immature trcut are found at greater
depths; whereas the other .salmonids have hinher temperature preferences
(Stewart 1900) and, to varying degrees, are more pelagic. It is generally
conceded that lake tvcut alone could not bring about a collapse of the alewife
population because the differing spatial distributions provide some lif« stages
of alewives with seasonal refuges from the trout.



Trout cs Part of a ^ew Array of SaJmonid Predators, and Their Relations to
the Forage i-ise

Today's population of hatchery-reared lake trout in Lake Michigan,
estimated at 2.7 million fich weighing 1,600 t (3.5 million Ibs.) in January
1979 (GLFL unpublished data), is but a modest part of the combined standing
stocks of 7 sdlr.onid r.pecies, having a total fishable bior.uss that may well
exceed the 7,200 t (15.9 million Ibs.) projected for native lake trout of
1927-44. Moreover, uue to gradual increases in the numbers of other salnonids
stocked since the raid- 1960s, lake trout only compose about 20% of the young
salnonids now being planted annually in Lake Michigan (Table 2).

Despite recent oscillations in alewife abundance, there is yet no evidence
that forage h=s been in seriously short supply for the stocked lake trout.
Indeed, it is conservatively estimated that these trout consumed 1/900 t (4.2
million Ibs.) of alewives during fall 1978-79, 85% of which represented age II
and older fich equal to 1.4% of the projected (provisional) annual production
of alewives in those age groups. The growth rate of the stocked trout
apparently has declined since the 1560s, as one might expect, but they are
still growing faster than native fish taken in the commercial fishery in 1947
(Fig. 2 and GLFL unpublished data).

Although it is recognized that the standing "crop" of a fish species will
be less in the presence of other species at the same trophic level than by
itself (Carlander 1955), it is extremely difficult to predict how much more the
combined standing stocks of lake trout could be increased v;hile the present
stocks of salmon and other trout are being maintained. This question would be
even mere difficult to address if the lake trout were reproducing and
successfully replenishing themselves. The native trout had no large
competitors except for smaller populations of burbot in the lake proper and
perhaps the walleye in Green 3cy. Steelhead and brown trout populations were
probably insignificant in the inshore v;aters as compared to the present,
judging by the fact that few were planted during 1915-1S50 {".veils and McLcin
1573).

Each of the present species of trout and salmon occupy a distinct niche,
of course, with different temperature, space, and food requirements as noted
above. The food requirements of adult lake trout would appear to overlap most
broadly with those of the chinook salmon as indicated by a predominance of
adult alev/ivcs in the diet of each in the southern half of the lake (Stn.:art
1980). Moreover, potential competition for food and space. is not likely to be
seasonally reduced because neither migrates to a distant region of the lake to
winter like the coho. The present tendency p.mor.g management agencies to stocl:
wore chinook and proportionately fewer cohos (Table 2) would therefore be
expected to have a greater effect on the lake's carrying capacity for lake
trout than a stocking strategy that emphacizc-s echo salr.on might have.



Effect:; of S-M I.arer>T>v/ Prorlaticn on Potent5-I Yields of. Lake Trout

Technically/ sea lampreys may be mors a resource exploiter .than a
determinant of carrying capacity, but nonetheless the residual populations
continue to irr.poG^ a rvocerate to stroll additional component of natural
mortality on lake trout. This continuing attrition will surely reduce future
yields that self-sustaining stocks of lake trout might otherwise theoretically
sustain. Sr>a lamprey wounding rates ranged from 0.0 to 4.9% atr.ong three size
classes of lake trout in 4 regions of the'lake in 1979 and 1980 (Wells 1930).
In most years of record during 1971-80, the wounding rates were less than 5%,
except for those of larger trout in northern Wisconsin waters, which dropped
below 5% in 1980, for the first time in 8 years. Wells (1930) computed
tentative instantaneous sea lamprey-induced annual mortality rates of 0.05 and
0.31 for southeastern and northwestern waters of Lake Michigan respectively,
using a regression model developed by Pycha (1980) for Lake Superior lake
trout. Wells combined these values with Pycha's 0,26 estimate of natural
mortality from other causas to estimate total natural mortality ratsu (M) of
0.31 and 0.57 in those respective geographical areas. The actual rates are
scmawhat higher in Lake Michigan if, as Wells believes, a more conservative
procedure was used to count the wounds on lake trout there than in Lake
Superior. Rybicki and Keller (1978) obtained a slightly lower H of 0.28 by .nn
independent regression method for lake trout in State of Michigan waters.

Toward a Realistic Goal

After considering the widespread lack of reproductive success of planted
lake trout in Lake Michigan and so.ne of the factors reviewed in this report
that have affected carrying capacity, the Lake Trout Technical Committee and
other attendees at the 1980 Michigan Committee Meeting recommended that a
self-sustaining lake trout" population capable of producing an annual sustained
yield of 1,134 t (2.5 million Ibs.) was a realistic, quantitative target for
rehabilitation efforts. This targeted yield of slightly less than 1/2 that of
1927-44 is perhaps a reasonable first approximation which can be adjusted
upward or downward as new intelligence is provided by experimental management.

A lake trout stock capable of providing such a sustained yield would
require entry to the pre-recruit phase of several million yearling trout
annually, depending on the rate of fishing (") that would not increase total
mortality above a -biologically reasonable level—ideally somewhat less than the
probable maximum withstandable rate (Kaaley 1978) of 0.50 (2 = 0.69). The Lake
Ontario Lake Trout Subcommittee (1981) has examined equilibrium yields (Ricker
1975) under a number ot mortality rate scenarios and estinuted that 2 and 3
million yearlings would be required for a rehabilitated stock in that lake to
sustain a recommended yield of 453.6 t (1 million Ibs.) at annual mortality
rates of 0.50 and 0.40 respectively. They also estimated that at an annual
mortality rate of 0.45, the average female trout would survive 1.21 years
(Abrosov's w) beyond tho. age at first maturity. The Lake Ontario yield
calculations were predicated on an instantaneous natural mortality rate (M) of
0.35, which is sorr.owhnt hi.-jhor than that of 19SO in Lako Michigan because of
higher sea-lamprey pvodation rates on the Lake Ontario trout. The composite
growth rati; that they o;-ployed is roughly comparable to the present high rate
of planted trout in Laku Michirpn (Fig. 2). As a self-sustaining population



increases in size over that of the present planted trout, however, growth would
decline SO;T;O and the number of pre-recruits concommitant with any recommended
yield would also increase.

The Rohabilitztic-.i Ti:?c—Table

Judging by the rate at which "stocks" of naturally produced lake trout
have evolve'! in Lake Superior since rehabilitation was beyun there in the early
1960s, a considerable but indefinite amount of time will lapse before stock
composition in Lake Michigan reaches 50% naturally produced fish. This
milestone has been reached in the i«Sunising-Grand Marais area of Lake Superior,
but there is evidence of set-backs in some areas because of inadequate control
of exploitation (R. Pycha, Great Lakes Fishery Laboratory unpublished report).
The problem of excessive lake trout extractions is no less serious in Lake
inichigan, where a surprisingly intensive sport fishery developed in
southeastern and east-central waters in the 1970s (Rybicki and Keller 197C),
and an Indian-Treaty commercial fishery recently began making large catches to
the northeast. Significant sport fisheries are also operating now in all of
the other jurisdictions. It is esti:nated conservatively (the incidental catch
record ic incomplete) that in 1979, the last year with fairly complete and
accurate catch records from all user groups, the various fisheries had a
combined catch of 279,000 stocked lake trout, possibly weighing as much as
632.3 t (1.4 million Ibs.) (Table 3). Because of weather conditions that
affected fishing, however, the 1979 catch of trout by the sport fishery v:as
below the average of recent years. Preliminary reports from Indiana and
Wisconsin indicate that the lakewida sport catch was much higher in 198C.

As an alternative to lakewide restrictions on lake trout fishing, an
expanded systeru of lake trout refuges ray be necessary to provide cpi-centers
of lake trout abundance. Such a year-around refuge was established in the Gull
Island shoal jirea of western Lake Superior in 1976, following a 50% reduction
of the spawning stock between 1974 and in 1975 (R. Pycha, GLFL unpublished
report). Tvo years after the refuge was formed, the spawning population on
Gull Islcnd Shoal had rebovnded to the 1974 level of abuncJ.-nce. & refi'ce
limited to certain depths of water was also established in Wisconsin waters of
Lake Michigan in 19SO to protect an experimental mid-lake plant of Green Lake
strain lake trout fron gillnets fished for chubs, and small refugss have been
established in northern Lakes Michigan and Huron in connection with the
regulation of Indian Treaty fishing.

In addition to greatly reducing exploitation, planting densities for lake
trout greater than the ],v;?wide average of 0.4 I/hectare (0.1G/acre) sinca 'i9S5
may be essential to ovsrcsjrr.e the site-specific reproductive inefficiency of the
hatchery-reared trout. This change is suggested by successful reproduction in
an Ontario Ir.ko of lake trout planted at much higher densities than those
stocked in Lake'Michigan since 1965 (Olver and l/.»v:is 1077). Other remedies to
overrode the rcpi ori'jcl ivc: inoff icior.cy of the planter! tro;;t and environnental
and genetic factors that nviy be contributing to ouch inefficiency were
discussed in a p~?cr Cor the STCCS £y:r._:>osiur.i, and nec-d no'c ba repeated h..:>:«
(Brown ct al.,* In procs).



The rapidity witli v/'iich hhesa biological and j.nsti cutioiic'.l .tr-ipodir.uv.ito arc
ad'.lrc.-ijsecl v/ill determine if and hcv; scon the Ir.ko trout resource in Lake
Mich.vgan transUorns Crc;n ti hatch«»ry-dopr;r.dent, and th^ruCora p. tranciont
cnt.'.ty, to a coii-.ylsx oc yul lT-Gustainiry stocks able to proi'-'.cu the
fore..icntionod harvcctablo curpluu as projected by the Lake Michigan
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Table 1. Provisional estimates of iti(?an bio.-acss and production— of Lake Michigan alewives
, during October-November 1978-1979, as computed by three stages of adjustment of

lakewiue bott&m-trawi catches.

Stage of trc.v:l-
catch adjustment

Trawl catch, area
b/expansion-/

-

awl catch,
area exp. ,
age adjustment

Trawl catch,
area exp. ,
age adjustment
X 3£/

Bioinsss

Age

0-1

I-VIII

0-VIII

0-1

I-VIII

0-VIII

0-1

I-VIII

0-VIII

Metric tons

2,800

78,600

81,400

78,600

137,000

215,600

236,000

411,000

647,000

Pounds X 10

6,200

173,000

179,200

173,000

302,000

475,000

520,000

905,000

1,426.000

Production

Metric tons

6,300

19,800

26,100

68,900

39,300

138,200

207,000

118,000

415,000

Pounds X 10

13,900

43,700

57,600

152,000

86,600

238,600

456,000

260,000

716,000

Prod./
Bicrr.r̂ E;
X 100

225

25

32

83
^̂ .

29

50

88

29

50

r/ —H3Rn bic..;.-,s2 (B) tiir.es irittanV.aiV-" is grovth rnte (3).

-'Kiniir-uai hioir^ss of Hatch et al. (In press).

— The factor 3 is ustd 'co adjust for the pelagic part of the stock, on the b?.s i s of,
but soMcv.'hnt nore conservatively than, the avci*age ratio of tlie r:-itch per un i t volume
trav/led by a high-rise tr.-.v.'l to that of tlic- standard 39-foot trawl (R. Argylc,
C-.eat La);3S Fishery Laborctoiy, unp'-iblishcd data).
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Table 2. Nimbers (thousands) of lake trout and other salmonids planted in Lake Michigan

, by all jurisdictions combined, 1966 - 1978 £/.

5ear

1256
1967

1968

1969
1970

1971

19->
9/J
1974

1975

1976

1977

1978

lake IV

1717

2424

1876

2001

1960

2343

2026

2509

2397

2577

2624

2368

258S

stc-elhead

76

95

458

439

G42

1252

1238

2609

2054

1568

1327

1312

1S;33
2581 -

Trout

brown

43

63

205

171

156

708

837

1788

686

665

1251
1180

1503

brook

49

34

49

74
120

130

97

50

85
110

79

643
248

total

1885
2616

2588

2685
2878

4513

5098

6956

5222

4420

5781

5503

6273
65/0

coho

.660

1732

1201

32CO

3543

2751

2623

2518

3231

2505

3196 .

3087

2685

chinook

-

802

687

718

1904

2317

2139

2986

3578
4280

3403

2977

5365

Salmon

Atlantic

_

-

—

-

-

10

15

22

22

21

19

X*

total

660

2534
1888

3998

5447

5068
4772

5519

6831
6807

6620

6083

8096

gran-
total

2545

5150

4473

6683

8325

9531

9870

12475

12053

11227

12401

11566

14369
1 5 '] .

^/ Statistics for i^hc trout and salmon are from various annual reports of the Gr«at L-ikca
Fishery Cc;;.r.u srion; those for steelhead ana brown trout before 1975 and brook trout before
1976 \vcre -c-ir.pi.Twd by 0. Parsons (Great Lr.kes fishery Laboratory unpublished report).

In 1965 c.nA 1970 respectively, 1274 and 24S7 ''̂ housr.nd lake trout were planted, but i.i2 r.r.i-
ing records v.-crc- liot av£ii.l;-.blc for other species.



; • : 13

Table 3. The 1979 estimated catch of lake trout in Lake Michigan, by jurisdiction and
statistical district: user-group portions were obtained from direct catch reports,
or were estimated fro:u creel consuses and mail surveys.

Fishery

Jurisdiction

Michigan

ttj.scor.sin

Illinois

Indiana

Al\ Ourisdict. i om

Ste»';5 stj ral
District

MM-1
2
3
4
5
C
7
8

1-8

VJM-1
2
3
4
5
6

1-6

ILL

IND

Sport

320
785

8,378
8,436
15,079
12,684
24,553
24,756
95,621

..
-
-
-
-

23,594-X

8,948

1.3D7

129,550

Assess-
ment

31
-

108
274
935
382
-

1,094
2,824

_
—

1,486
-

769
-

2,255

1,S37

580

7,4S6

Corru;ier— Indian-
cial treaty

4,430
6,823

180 75,220
15,309
5,709
515
19

- -
180 103,025

_ _
- . -
-
- -
-
-
" ~

33, 62̂

*

33,900 108,025

All
Fisheries

4,701
7, 60S
83,886
24,019
21,723
13,5151
24,572
25,850
206,650

_

•w M̂̂ P

1,486
-
769
-

25,849

44,405

1,957
t

273,071-'

— Not reported by district:.

on btisis oC I'our onbccirf. chec;:u of ti.s pcrcontags of the incidental catch
thst cou3d n-jt b;: released alive.

c/— X 5 D.b/riiili - l , 2 j -5 f OCO Ib.
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Figure 1. Estimated alewife biomass (^ age I) available to bottom trawls at 9- to 100-m depths in Lake Michig<

October-November 1967-80, unadjusted for trawl efficiency (Data from Hatch ct al. In press, and Wells and
Hntch 19GI): points on the hypothetical trend line represent two running averages of two.
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Fic\ir3 2. Average total len-jth of Ln':« Michigan lake trout for successive years of life: the solid line

r^rresents lakcwi.de spring collections from gradcd-meah (2 1/2-6 inch) gillnets of cooperating agor.cies,
1970-79; the .Phoî AfL1:!!̂ ' a von Bortalanffy fit to cohort mean lengths from bottom and hirjhrise trawlg

.in-.! cr-i'Icd-.T-rgri qill :s (October), SaugitucJ'./ M.Lchl , 1970s; flnrl the Jonrt (1̂ rh.\r!, a collection
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